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I 



yit—-7y^— (^?iJx.fi*nroflf, 1>£^W) ^^frSlf^iJ''^ 

3. is!:m<Dn.w 
( 1 ) m^m 

(2 ) msmmmm 

. ( 3 ) S3^«it*!LS 

fijcttaj, mmmmmmx<Dm^^<Dmm<Dm^, *5 

S 'S' ?g e iStR © 4?) ffl ^ S . 



£B L T — O O r o y ^' c S i: * S C: i: t) # X. ^ n -5 *J , 

mtm^ti, ^m(Dmm'i^i^titz^m^^(D^^izM 
mxit, mm^mo:>fzi!f>0ss.^, ^&^<Dm^it±iz 

mm ^xh x^-<tz t^o ^^(omTtic it^m<D ssr v^Tf: 

:^^m(omm'S:^Wiizi-^tzib, muzumm^n^ 
-r. ^ 1 © ( a ) itmmm., ( b ) (iie-^ega*??^ ^^s: 
^c[)f5^©^:^j^s-5^bri/is. (c),(d) 

monm^. QSixmrntrnTi^—oo^^mmtv 
xm-^-^tLtzu t^^i^x^^h. mi<D (e) ii^mt 

^3-tSScs5#-C±T©gl5^^C^»JS*v, (f ) X\i.^MX 

m ^ titz^m^tm^Z'^mi^x^m^m ^ t 

(g) Tfi, j^Mxmttltz'$i-m^i)m!^^'$i-<D^& 
^^t^ck O^E^&oai^^lc^J-fJ^n, «^6<JJ:: (h) 

4. m ^2: S 

a9^!i3s-rtt, 7.<DWs.mm^xji&^^fd.^w&^<Dm., 

©if-^X, 4'^{4H©|5l^tt®TO«, »^©M 
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(a) 



10 M 



0 



Sin 



(e) 

(a) Original image 

(b) Enclosed rectangles of symbols 

(c) Process'ing of subscripts 



(f) 



B-l 



□ 



=1 



(c) 



(d) 




(S) 



(e) Division into upper and lower regions by the 
widest symbol 

(f ) The same processing as (e) for the upper region 



(d) Processing of subexpressions with root symbob Division into left and right regioiis by the appro- 

priate blank space 

(h) Final result 
Fig. 1 An example of recognition process. 



4. 1 lEmtv-^x • 'P^iiLm.<7)m^ 
i^Mi^ici^i^io ^ -f, Md'^ysmo^^iiLmtm l < * 

(1) ±i2-i-®3Fi:&6<j-9-^' X mm) commit 

(2) fa#rfc(^)3Fi^-t^^x«-^ie>, zominmu 

(3) «-», " = "^0«|S<75ie-i-8fflSfCO(,.-C 
tt, «f*@«-iE^<b-9-^Xi:-r5. 
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4.2 ie-§-?IJc7>J6tij 

(a) -^-i X<Dmm ■ ■ 
JE^-fb-l^-f X^-M^^T, ittJ-rS-o©|g#-9:^X 

©Jt vi;^r©IB-§"9-'f X//J>$v>:;^©f3#-i^^ 
X) ^-ftSEL. 1.37Sj^(±(5l^,- 1.3JU±1.5*j|ttt>F 

(b) 4'^feS©M 

■y--fX) «-tfg[L. 0.155|cg|tt|5l^, 0.15iU±0.19 

(c) m— |g-^?ij©ijaj^ 



• 



iil±(D (a),(b) Tm^^tznmo^tzttxDy^y ji- 
^isXZ/ ( c ) (DPim^mt, V i < o A^cDSitiC-y- 

l!fc^K:J:oTtt|lI— IS-^FiJi: LTttj^S U < J&v^ CD 
3 T-ttffi $ ix/cf5-^?ij« 5.2.2 O^^S^OlgHCDJi^, 

4.3 BIIS3l::g<7?|^aj 

sin ^ lim ^©MiSc^Sfi, -5-ne>S— 0©i5-i-i: L 

tzV>i^ (;&Ji, ;&T, :£±, &T*J i t/f-S^Hfl^ ^ 
5.1 ®iIB-l-*<*S#gB-§-0«^ 

(1) m^^d.^f^^<D^ . 



(2) mmm^ 

■%i5^(o±«*» e. ^ ©fg-^<D 3 1 * -c<Dmm t l 
ct^^^fc^tLT (1) tm^, m^mmii& 

5.2 J&@3B#*«*S-§-fB-f-JU^<7)^-^ 

^ ^ T ;&± ;&T^ CD #4 4i> :^ fnl CD ^^H^ -r 
2 (;&±-;&T) <39M^±fC , 

ffvs ?#S!I'5:|B^ (C, P^) s^m-cit, &m(Dm^ 

5.2.1 Big^ogi^ 
tt5MS-C*S. CKDSlUcDlB-l-*. '"giJ:J9.^<D^ig 

^lM^©gi3gtgHtt. 02© (a) cDlEa-C^b 

■i-©±T«-^SL (SI 2© (b)), m^m^7bS3b?>m 




W:Width S:Siie CCentet 



02 &i»^(omim^<Dmmv&m 

Fig. 2 Region of search for the first symbol of a subexpres- 
sion. 
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• # 



(1) mSB^<D±Tti)ics&^<D$,im'^, ttz 

ii±Tm^'S:h'omm<D&im^- (s, n^) (om 

(2) ±ieJU^©J^-§-c. ±TKi2-^AJ— oL*»i? 

(c)). 

(3) ±f^^gl5^^©Blg^*g?^-r-5^{c:. T 
fgffl*S2© (d) ©J:^K:||£!gr.5. 

(b) si:^(ni{c*j<,»T, ^hmmm^izm^zb : 

.(c) ^g!e-^i:(5l-7-f v±^c:^?^£L'5:v^dfc 
. (d) ggIS#J: 9 'b;^#'5ri2#T-'&ViC: 
'•(e) ^lg^fcL.T£i531^tg^i2#-C«)-5C: fc 

c:c:-e|5l-7'f >(Di2-^J:f±, |gc^©«3t±, 
:^|fiI-s|Hl— i5gJlu^;^-CM^/ii2■9•*3el*LT^J 5, 

tz (e) ©^ftfi, .*gia-§-t^ie!:^iRifcJ;oT, 8§ 

5. 2.-2 gl5:55-^cD®HOg^^ 

M^-Cib^. (1I3<D (a)). mcD (a) -cti, ftg 

■f-iilll— ^-f ><DI5■f■A^A9ii^-C>.i5«•g■J (0 3 
<D (b)) gi5^^<7Di2-^i?iJ =fr^5-»T-r 5 Cli: 

^riST, (5|— ^-T >ie-^{gffl^X+-yrLTVi< 3 
kicij: »?|gH«-S£!g-r4'il^Sd^**2>. 03© (b) r 



m^^S^ffl«^#IS3ti£ '95/3 Vol.J78-D-II No. 3 



>m^ii "sin" is#-c*5. z<Dm-^, '-kom—^ 

^^^MM^^Z^t.ftX\'^^^'^^ mZ(D (c)) 
<D (c) ©0IJT-«, CKDiaS^-fTfc'&v^^-^, "fc" 
AJ*-5. ^(Dtztb, m2(D (b) <D^iis^|gH*HK:± 

• «g|5-^J: D 55:12 L >ar d i: 

(a) I2-^}CJ:^±T-^(D^^^3-Sij 

(b) m^iz^i&:^-s.0mm^m 
mzMLxmm-^h., ^(om^^^i^titz^mm. (m 
m^micmi^fz^&^omiKyj^t^M.'oi^ e. 

CKOMSti, St)€li!@©jC<'>f2-^t^J:oT. iT'^ 
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E 



OH- 1 



sin 



2 

I 2iVQb=i 



(b) 



133 sB^j-^oiiiUifga 

Fig. 3 Region of search for subexpressions. 



(c) 



(1) #^^^T./c^i^fc:^iti,5fg-^(;r)Ef>T% m.h 

( 2 ) ^ai3^osq&{c(5i— ^-f >c[)ftfeo9fe#*j* 

(3) mmm^ti ''^^mommj ^ /■_tfcf=t<««j 
Tqrtgt-r-s.. 

■6.1.1 n^jfcisuiHj 

^f^mma (c) ©3ge^(cj:5^3-fiJO^, 
6. 2 I5-§-fc J: %:&fe^<75|I^^S!l 
(2) ^m^^<D±T^m^, ^CDf5#<DS|i(S®«g 



1 



1^4 ie-^CJ:5±TM«'N©^}-a|(DtSiBJ 
Fig. 4 Explanation of division into upper and lower regions 



by a symbol. 



ftfe±i56.i o (2) tmm<om^-c,:.mmm^(DJ^ 

6. 3 ^ S ^ J: ^ £:&^0=?I1^^3-SiJ 

(1) ^x.^ixfcmmK:^:&-r^-r^r<D^&^i: 

(2) r^^TcDSga-fH^scoiiT, JiiTTxB^ai 
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6.3.2 b 6.3.3 Tj^^i—'^XO^i-J^T- H fil(©f0i: L, 

(3) m.^m^om^^'^^^'c, ^^^titzmm 

6. 3. 1 ^mizm^^£^&^(D^i'¥ 

a5^^i:bT4.3-r}fti±lb/Sie#^JSr«Vi-CVi5. 
6.3.2 Se^<DSI*i®M 

$r 4) oie^ * i T , f2-l-©M 10% =£r g!l o 4''C^gi5 

JttttflSViS if, '^■^-yi'T^ < *S J: 5 fi: UT 

■6.3.3 a5^5C«3t'v(75^^©ffFfiifi 

(1) /hS'Sr-y-'f X©I2-^^J<0:^A»% SS:^fil5t±^ 

t'5:-9--f X®l5#3?"J«-»»r-r5W®^TabS. ceo 
m-^OV-^ Xbii, m^n<DM^<DZb'C\±^j:<, 12 

^jw<r>^^(D-^^x mm) <Dz.b-cs>h. 



n^m^mm^^m:^^. 'os/s voi.jts-d-ii no.s 




05 se^lc:J:5&*^S«'^.©^3■i9©SiH^ 

Fig. 5 Explanation of division into left and right regions 
by a blank space. 

(2) jl^m^ti^Mmmi'P^J:^^y5ti^^K 

(D^^Mmi^, ^(D^^^i-f^7-'<mbvx^^i>. 
6.3.4 nm^z^ifsm 

*»e>TabS). ^c:-e, i 5^c:&--0^:^:»- 

^i^^wmmomo^a^f^K-r^tzib. t^^of^^^ 
izmm^tit:i)<D(Dy)'^m^^fz. ^^(Drnmt, 

S 400dpi T?#e>iX a. 
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Original images 

lim 'og2 K 



Recognition results reproduced by 1^ 



lim 



> 1 



n— cx» n - (d - 1/2) log2 n ~ 



A ^ ^ ^ B it I < Y , N K K r> / K \3 



/-I v^o 



p - 2^ 



(a) Correct recognition 



d-pON^^e-""^ 
u 



(l-p{)/V=:^e-»»/2 



(b) Errors in recognition 
Fig. 6 Examples of mathematical expression recognition. 



A A^i^IE ^S-fr ;i S J: d o T i -5 . 

r. 1 ■ IB ^ m m 

2. ^E;&;^rR]'vco^5-M C^cj ^) 

3. nwn^^<n>9tm cgj ^) 



■r 5 C t C J: T, SE-^-r -5 if 5 *^®f!|^=&ff ^ T 
''^ * . ±T:;^(RI^3•III2■i•®M^^a:^(D— 35^^ 1 \C7r^ 

r. 2 n m 

He® (a) ttiEL<^li6$*xfc4)Cr), (b) 

i: Z<Dtztbni^ T v ^ dJ, 
06© (a) *»e>Hj^d>'ar<t-5tc:. :*:^&T5hf^i: L 
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n^mmmfs^^^xu '95/3 voi.jts-d-ii no.3 



SI SStys^ii-m^&^O&^itn (-SB) 

± 







_ 




-< 


>• 


< 


> 


c 


D 


c 




























> 
























1 




• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


3 


j 
























• 














c 




c 












































c 




c 








• 


• 


• 


• 


• 


• 


• 


• 


• 


• 



























tz^^ {2.0m) ^if^i:^i:*©'bOA5iEL<iglSl^i^ 
^(Om^TSbi. 06® (b) ©±03S^-rf±, a<D 

. 8. . V -r . Z/ 
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